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TITLE OF THE INVENTION 



OPTICAL CONNECTOR FERRULE, OPTICAL CONNECTOR AND MAKING 

METHOD FOR THEM 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical 
connector in which single-core or multi-core optical 
fibers are assembled and secured in a connector ferrule, 
and to a connector ferrule thereof. 



Q 10 Description of the Related Art 



In the conventional, well-known optical connectors, 
for example, as described in JP No. 9-68627A, guide 
pins are inserted into guide pin holes of a connector 
^ ferrule retaining optical fibers and the optical 

^ 15 connectors are detachably connected to each other by 



joining the end surfaces of ferrules to each other. 

However, with the above-described conventional 
technology, when a guide pin is inserted into a guide 
pin hole of a connector ferrule, the guide pin is 

20 brought in contact with the inner wall surface forming 

the guide pin hole of the connector ferrule, and the 
respective portion thereof is chipped or bulged. In 
this case, when optical connectors are connected to 
each other, a gap can be formed between the optical 

25 fibers and optical connection loss can be incrieased. 

SUMMARY OF THE INVENTION 



It is an object of the present invention to 
provide an optical connector and a connector ferrule 
that can prevent the damage of the connector ferrule 
when establishing connection of connectors and to 
reduce the optical connection loss. 

The results of intensive research conducted by the 
inventors demonstrated that ferrules contain a large 
amount of a filler such as silica for the purpose of 
improving strength or endurance thereof, but if the 
particle size of the filler is large, when the guide 
pin is inserted into the guide hole of the connector 
ferrule, the guide pin is brought in contact with the 
inner wall surface forming the guide hole of the 
connector ferrule, which can easily damage the 
connector ferrule. This finding led to devise the 
present invention . 

Thus, the connector ferrule for an optical 
connector in accordance with the present invention has 
a pair of guide holes for guide pin insertion and one 
or a plurality of optical fiber positioning holes 
extending inwardly from the connection end surface, 
this ferrule comprising a filler with an average 
particle size of no more than 20 jam and having a 
chamfer provided at the opening edge portion of the 
guide holes on the connection end surface side thereof. 
Thus, forming a chamfer on the opening edge 



portion forming a part of a guide hole of the connector 
ferrule expands the opening of guide holes / thereby 
facilitating the insertion of guide pins into the guide 
holes. In this process, the guide pins are sometimes 
brought in contact with the chamfer surface, but since 
the average particle size of the filler contained in 
the connector ferrule is no more than 20 [xna, the 
chamfer surface becomes comparatively smooth, thereby 
preventing chipping or bulging of the chamfer due to 
contact with the guide pin. Therefore, the guide pins 
can be accurately positioned in the guide holes. 
Furthermore, the amount of abrasion powder produced by 
friction between the guide pin and the chamfer is also 
reduced, and the probability of optical fiber damage 
caused by adhesion of the abrasion powder to the end 
surface of optical fibers is decreased. As a result, 
the optical connection loss occurring when the two 
optical connectors are connected is reduced and the 
connection/disconnection characteristic of optical 
connectors is improved. Furthermore, using the filler 
with an average particle size of no more than 20 |Ltm 
improves moldability when the chamfer is molded in a 
die. Moreover, when the chamfer is formed by 

subsequent processing (drilling) , such a filler reduces 
the drill wear and improves its endurance. Silica is 
an example of suitable filler. 



It is preferred that the maximum particle size of 
the filler be no more than 40 ^uti. In such a case, the 
content of the filler with a large particle size in the 
filler contained in the connector ferrule is further 
decreased and the chamfer surface becomes even smoother. 

Furthermore, it is preferred that the surface 
roughness of the chamfer be 0.01 to 2.0 |jiti. In such a 
case, the formation of abrasion powder and damage of 
the chamfer by contact between the guide pin and the 
chamfer can be effectively reduced, regardless of the 
method used for forming the chamfer. The surface 
roughness as referred to herein is a central line 
average roughness stipulated by JIS or the like. 

Moreover, it is also preferred that the diameter 
of the opening at the connection end surface of a guide 
hole be larger by 0.3 to 0.8 mm than the diameter of 
the guide hole inside the connector ferrule. In case 
the connector ferrule in accordance with the present 
invention is placed in a housing and an MPO connector 
(MT Push-on connector) is formed, when the guide pins 
provided in the mating optical connector are inserted 
into the guide holes, the guide pins are sometimes 
displaced from the central axis of guide holes, for 
example, due to a play of the housing. Even in such a 
case, the guide pins can be reliably inserted into the 
guide holes because the opening diameter of guide holes 



satisfies the above-described condition. It is 

preferred, that the connection end surface portion be 
polished at an angle of about 8 degrees. 

It is also preferred that the chamfering angle of 
the chamfer be 90 to 150 degrees. When the optical 
connector in accordance with the present invention is 
employed in MPO connectors, in the usual MPO connectors 
provided with guide pins, the guide pins protrude by 
about 2 mm from the connection end surface of the 
connector ferrule. Even with such a configuration, if 
the chamfering angle of the chamfer satisfies the 
above-mentioned condition, the guide pins provided on 
the mating optical connector that are inserted into the 
guide holes can be retained in the connector ferrule 
with good stability and positional accuracy. 
Furthermore, if the chamfering angle of the chamfer is 
set as described above, a sufficient opening diameter 
can be guaranteed for the above-described guide holes 
on the connection end surface. 

Moreover, the guide hole comprises a first hole 
portion with an almost constant diameter approximately 
equal to that of the guide pin which is to be inserted, 
and a second hole portion with a diameter larger than 
that of the first hole portion, this second hole 
portion being connected to the first hole portion and 
extending to the end surface side opposite to the 



connection end surface. 

In the connector ferrule with guide holes, the 
guide holes are sometimes slightly shrunk during 
ferrule molding. In such a case, when the guide pin is 
inserted in the guide hole from the connection end 
surface side, accurate positioning of the guide pin may 
be impossible because of contact between the rear end 
of the guide pin and the inner wall surface of the 
connector ferrule forming the guide hole. Providing 
the second hole portion in the guide hole makes it 
possible to avoid the contact between the rear end of 
the guide pin and the inner wall surface of the 
connector ferrule forming the guide hole. As a result, 
the guide pin can be accurately positioned, while being 
pushed through the first hole portion of the connector 
ferrule with high stability. 

The optical connector in accordance with the 
present invention is composed of the connector ferrule, 
optical fibers fixed in the connector ferrule, and a 
pair of guide pins provided with a curved surface, that 
has been rounded, at the end portion thereof. 

Rounding the tip of guide pin, as mentioned above, 
further decreases the amount of abrasion powder 
produced when the guide pin is brought in contact with 
the chamfer. As a result, the optical connection loss 
during connection of optical connectors is reduced and 



the connection/disconnection characteristic of optical 
connectors is improved. 

It is preferred that the guide pin be secured in 
the connector ferrule in a state in which it is 
inserted into the guide hole so that the prescribed 
length of the tip thereof protrudes from the connection 
end surface. As a result, an optical connector 
provided with guide pins which has a stable 
connection/disconnection characteristic can be obtained. 

Furthermore, it is also preferred that the length 
of the guide pin from the base of the curved portion to 
the tip thereof be no less than 0.1 mm and no more than 
half of the guide pin diameter. As a result, the 
amount of abrasion powder produced by friction when the 
guide pin is brought in contact with the chamfer is 
further decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lA and IB are perspective views illustrating 
the external appearance of optical connectors which 
represent the embodiment of the present invention. Fig. 
lA illustrates a state prior to connection and Fig. IB 
illustrates a state after connection; 

Fig. 2 is a plan view of the connector ferrule of 
the optical connector without the guide pins, which is 
shown in Fig. 1; 

Fig. 3 is a front view thereof; 



Fig. 4 is a sectional view along IV-IV line in Fig. 

2; 

Fig. 5 is a sectional view along V-V line in Fig. 

2; 

Fig. 6 is a plan view of the connector ferrule of 
the optical connector with the guide pins, which is 
shown in Fig. 1; 

Fig. 7 is a sectional view thereof along VII-VII 

line; 

Figs. 8 to 12 represent experimental data 
illustrating the optical connection loss in optical 
connectors. Fig. 8 represents experimental data 

obtained by using a connector ferrule in which no 
chamfer was provided at the opening edge portion of 
guide holes; 

Fig. 9 represents experimental data obtained by 
using the connector ferrule in accordance with the 
present invention; 

Fig. 10 represents experimental data obtained by 
changing the particle size of the filler contained in 
the connector ferrule; 

Fig, 11 and 12 represent experimental data 
obtained when the surface roughness of the chamfer was 
changed; and 

Fig. 13 illustrates an example of a guide pin used 
FOR connecting optical connectors without the guide 
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pins, which are shown in Fig. 1. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiment of the present invention 
will be described below with reference to the appended 
5 figures. To facilitate the comprehension of the 

explanation, the same reference numerals denote the 
same parts, where possible, throughout the drawings, 
and a repeated explanation will be omitted. 

Fig. lA and IB are perspective views illustrating 

Q 10 the external appearance of optical connectors of the 
Q 

W present embodiment. Fig. lA illustrates a state prior 

Ol to connection of the optical connectors and Fig. IB 

iM illustrates a state after the connection of optical 

s 

O connectors. 

|=* 15 As shown in the figures, optical connectors lA, IB 

^ are both the MPO connectors. Among them, the optical 

connector lA is assembled as a connector without guide 
pins and the optical connector IB is assembled as a 
connector with guide pins. Such optical connectors lA, 
20 IB are detachably connected via an adapter 2 . 

The optical connector lA has a connector ferrule 
3A. An optical fiber ribbon 4A of a single-core or 
multi-core (eight cores in this embodiment) is 
assembled with the connector ferrule 3A. The optical 
25 connector IB has a connector ferrule 3B. An optical 

fiber ribbon 4B with the niimber of cores equal to that 
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of the optical fiber ribbon 4A is assembled with the 
connector ferrule 3B. The connector ferrules 3A, 3B 
are enclosed in housings 5A, 5B, respectively. 

The connector ferrules 3A, 3B are formed by adding 
5 silica, which serves as a filler, for example, to PPS 

(polyphenylene sulfide) , which is a plastic, for the 
purpose of increasing strength and endurance. The 
mixing ratio (weight ratio) of those substances is, for 
example, as follows: PPS 30%, silica 70%. A specific 
Q 10 configuration of ferrule 3A is shown in Figs. 2 to 5. 

As shown in those figures, connector ferrule 3A 
has eight optical fiber positioning holes 7 extending 
inward from the connection end surface (front end 
* surface) 6 which is to be connected to the mating 

o 

0^ 15 optical connector IB. The fiber ribbon enclosure holes 

W 9 are connected to the optical fiber positioning holes 

fU 7 via optical fiber positioning grooves 8. When the 

optical fiber ribbon 4A is assembled with such a 
connector ferrule 3A, the fiber ribbon 4A is inserted 
20 into the fiber ribbon enclosure hole 9 from the rear 

end surface of ferrule 3A, and eight optical fibers 
exposed from the front end of fiber ribbon 4A are 
inserted into the optical fiber positioning holes 7. 
The optical fiber is fixed in the connector ferrule 3A 
25 by filling an adhesive from the opening 10 formed in 

the upper surface of ferrule 3A. After the fiber 
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m 
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ribbon 4A has thus been assembled with the connector 
ferrule 3A, the front end surface 6 of ferrule 3A is 
slant polished at an angle of 8 degrees (see a two-dot 
line in Fig. 4 and Fig. 5) . As a result, the effect of 
reflected and returned light produced by Fresnel 
reflection in the connected state is reduced. 

A pair of guide holes 11 extending inwardly 
parallel to the optical fiber positioning holes 7 from 
the front end surface 6 of connector ferrule 3A are 
formed on both sides of the optical fiber positioning 
holes 1, and guide pins 12 (described hereinbelow) 
provided in the optical connector IB are inserted into 
the guide holes 11. 

The connector ferrule 3B of optical connector IB, 
as shown in Fig. 6 and Fig. 1, has a structure similar 
to that of connector ferrule 3A of optical connector lA 
described above, and the guide pins 12 are inserted and 
secured in the guide holes 11 of connector ferrule 3B. 
At this time, the guide pins 12 are secured in the 
connector ferrule 3B in a state in which they are 
inserted into the guide holes 11 so that the tips 
thereof protrude by about 2 mm from the front end 
surface 6. 

A chamfer 13 is formed on the opening edge portion 
of the front end surface 6 of connector ferrules 3A and 
3B forming a part of such guide holes 11, and the 
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opening of guide hole 11 expands on the front end 
surface 6. 

The configuration is preferably such that the 
diameter R of the opening at the front end surface 6 of 
guide hole 11 is 1.0 to 1.5 mm when the front end 
surface 6 is slant polished (described above) at an 
angle of 8 degrees (see Fig. 4) . The configuration of 
MPO connector is such, as described above, that the 
connector ferrule is enclosed in the housing. 
Therefore, when the guide pins 12 of optical connector 
IB are inserted into the guide holes 11 for the purpose 
of connector connection, the central axis of guide pin 
12 is sometimes displaced with respect to the central 
axis of guide hole 11, for example, because of a play 
of the housing 5. This displacement is apparently 
about 0.15-0.4 mm. Therefore, it is necessary to 
provide the amount of chamfering on both sides of the 
guide hole 11 which will at least correspond to this 
displacement. On the other hand, because the diameter 
of guide pin 12 is determined as about 0.7 mm, the 
diameter of guide pin 11 is also almost about 0.7 mm. 
With the foregoing in view, it is preferred that the 
diameter R of the opening at the front end surface 6 of 
guide hole 11 be within the above-described range, in 
other words, that it be set by 0.3 to 0.8 mm larger 
than the diameter of guide hole. 
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Furthermore, the chamfering angle 0 of chamfer 13 
is preferably 90 to 150 degrees (see Fig. 4) . As 
described above, the guide pin 12 of optical connector 

I protrudes by about 2 mm from the front end surface 6 
of ferrule 3B. When such a guide pin 12 is inserted 
into the guide hole 11 of connector ferrule 3A, in 
order to position the guide pin 12 accurately and with 
high stability, it is necessary that at least 1 mm of 
the tip of guide pin 12 be inserted into the guide hole 

II and positioned therein. At this time, it is also 
necessary to provide the above-described opening 
diameter R of guide hole 11. It is preferred that the 
chamfering angle 9 of chamfer 13 be thereby fit into 
the aforesaid range. 

However, the guide hole forming the connector 
ferrule is sometimes shrunk and slightly curved during 
ferrule molding. At this time, in case the diameter of 
guide hole is constant through its entire length, for 
example, when the guide pins are inserted from the 
front end surface into the guide holes of connector 
ferrule for the purpose of making an optical connector 
provided with guide pins, the rear end (base end) of 
the guide pin interferes with the inner wall surface of 
connector ferrule forming the guide hole, and there is 
a possibility that the guide pin will not be accurately 
positioned in the respective position. Furthermore, if 
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the guide pin is made shorter to avoid this abnormality, 
the portion of the guide pin that is inserted into the 
guide hole becomes respectively shorter and the guide 
pin can become unstable, 
5 To resolve this problem the guide holes 11 of 

ferrules 3A, 3B are composed of a first hole portion 
11a with a diameter almost equal to that of guide pin 
12 and a second hole portion lib with a diameter 
slightly larger than the diameter of the first hole 
□ 10 portion 11a, this second hole portion being formed at 

^ the rear end surface side of connector ferrules 3A, 3B 

g=i with respect to the first hole portion 11a. As a 

yj result, even m case the guide hole 11 is shrunk, the 

%i contact between the rear end of guide pin 12 and the 

SI 

15 inner wall surface of connector ferrule 3B forming the 

m 

^ guide pm 12 will be avoided, when the guide pin 12 is 

inserted from the front end surface 6 into the guide 
hole 11 of connector ferrule 38 for the purpose of 
fabricating the optical connector IB, for example (Fig. 

20 7) , At this time, since the bending tool of guide hole 

11 subjected to shrinking during molding is apparently 
about 2 to 3 \xm, the interference of guide pin 12 can 
be effectively avoided if the opening diameter of the 
second hole portion lib is by no less than 5 |jin larger 

25 than the opening diameter of the first hole portion 11a. 

Therefore, the guide pin 12 can be reliably positioned. 
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while maintaining the guide pin 12 with good stability 
only in the first hole portion 11a of ferrule 3B. 

In the connector ferrules 3A and 3B of such a 
configuration, because the chamfer 13 is provided at 
the opening edge of the front end surface 6 forming a 
part of guide hole 11, when the optical connectors lA 
and IB are connected, the guide pin 12 fixed in the 
connector ferrule 3B is easily inserted into the guide 
hole 11 of connector ferrule 3A. 

The chamfer 13 can be formed simultaneously with 
the formation of ferrule body by using a die described 
in US Patent No, 6,287,017 during die molding of 
connector ferrule 3B. It may also be formed by cutting 
the opening edge with a drill or grinding stone after 
the optical connector has been molded. 

However, if the particle size of the filler (the 
above-mentioned silica) contained in connector ferrule 
3A and 3B is large, the surface of chamfer 13 becomes 
rough, regardless of the method employed for forming 
the chamfer 13 (molding of subsequent processing such 
as drilling) , and when the guide pin 12 is brought in 
contact with the chamfer 13, the surface of chamfer 13 
is easily chipped or bulged. If the chamfer 13 is thus 
chipped or bulged, the guide pin 12 is difficult to 
position accurately in the guide hole 11. Furthermore, 
an abrasion powder or dust are formed when the guide 
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pin 12 is brought in contact with the chamfer 13, and 
this powder or dust not only damages the chamfer 13, 
but also can adhere to the end surface of optical fiber 
and damage the optical fiber. Moreover, when the 
5 optical connectors lA and IB are connected with a PC 

(Physical Contact) , the PC connection can be 
interrupted by the bulging on chamfer 13. The above- 
described deficiencies eventually lead to the increase 
in optical connection loss when the optical connectors 

H- 

p 10 lA and IB are connected. 

Q 

^ In the present embodiment, the average particle 

=P 

g1 size of the filler contained in connector ferrules 3A 

m 

and 3B is no more than 20 |am. Furthermore, the maximum 



□ particle size of the filler is no more than 40 |xm. As 

m 

1^ 15 a result, the entire surface of chamfer 13 is 



m 
ry 



comparatively smooth. It is preferred that the surface 
roughness Ra of chamfer 13 be 0.01 to 2.0 (im. The 
surface roughness as referred to herein is a central 
line average roughness stipulated by JIS or the like. 

20 More specifically, this is the value obtained by 

finding a roughness curve, bending it over the central 
line and dividing the surface area of the zone above 
the central line by the measurement length. As a 
result, when the guide pin 12 secured in the connector 

25 ferrule 3B is inserted into the guide hole 11 of 

connector ferrule 3A, chipping or bulging of the 
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surface of chamfer 13 caused by the contact between the 
guide pin 12 and chamfer 13 is suppressed. Therefore, 
the guide pin 12 can be accurately positioned in the 
guide hole 11. Furthermore, since the formation of 
5 abrasion powder caused by friction of the guide pin 12 

and chamfer 13 is reduced, the damage of optical fibers 
is also suppressed. As a consequence, the optical 
connection loss during connection of optical connectors 
lA and IB is decreased and a stable 

O 10 connection/disconnection characteristic of optical 

03 connectors lA and IB is obtained. 

gl Furthermore, if the particle size of the filler is 

m 

y decreased, moldability during die molding of chamfer 13 

p is improved. Furthermore, when the chamfer 13 is 

1^ 15 formed by subsequent processing (drilling) , the wear 



loss of the drill is effectively reduced and drill 

endurance is improved. 

Experimental data relating to optical connection 

loss during connection of two optical connectors are 
20 shown in Figs. 8 to 12. 

Fig. 8 represents experimental data obtained by 

using a connector ferrule in which no chamfer was 

provided at the opening edge forming a portion of guide 

hole. The filler contained in the connector ferrule is 
25 silica with an average particle size of no more than 20 

|am. In the figure, the number of 
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connection/disconnection cycles of optical connectors 
is plotted against the abscissa, and the loss increment 
is plotted against the ordinate. Fig. 8 clearly shows 
that, independently of the number of 

connection/disconnection cycles of optical connectors, 
the loss increment sometimes rapidly rises and the 
connection/disconnection characteristic of optical 
connectors is unstable. 

Fig. 9 represents experimental data obtained by 
using the connector ferrule in accordance with the 
present invention, that is, the connector ferrule 
provided with a chamfer at the opening edge forming a 
portion of guide hole. The filler contained in the 
connector ferrule is silica with an average particle 
size of no more than 20 |jm. In this case, 

independently of the number of connection and 
disconnection cycles of optical connectors, the loss 
increment is small and the connection/disconnection 
characteristic of optical connectors is stabilized. 

Experimental data shown in Fig. 8 and Fig. 9 
demonstrate that the connection loss of optical fibers 
can be effectively reduced not only by decreasing the 
particle size of the filler contained in connector 
ferrules 3A, 3B, but also by providing the chamfers 13 
at the opening edges of front end surfaces 6 forming a 
portion of guide holes 11 of connector ferrules 3A and 
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3B. 

Fig. 10 represents experimental data on optical 
connection loss obtained by changing the particle size 
of the filler (silica) contained in the connector 
ferrule provided with a chamfer at the opening edge 
portion forming a part of guide hole. In this figure, 
the average value of the particle size of the filler is 
plotted against the abscissa, and the occurrence ratio 
of loss increment of no less than 0.3 dB is plotted 
against the ordinate. Fig. 10 shows that when the 
average particle size of the filler is no more than 20 
|im, the occurrence ratio of loss increment of no less 
than 0.3 dB is zero. Therefore, it is clear that the 
effective average particle size of the filler is no 
more than 20 jxm. 

Fig. 11 represents experimental data on optical 
connection loss obtained by changing the surface 
roughness Ra of the chamfer in the connector ferrule 
provided with a chamfer at the opening edge portion 
forming a part of guide hole. In this figure, the 
surface roughness Ra of the chamfer is plotted against 
the abscissa, and the initial optical connection loss 
is plotted against the ordinate. Fig. 11 clearly shows 
that the initial loss is close to 0.15 dB and is 
comparatively stable when the surface roughness Ra of 
the chamfer is no more than 2 |im. 
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Fig. 12 represents experimental data on optical 
connection loss obtained by changing the surface 
roughness Ra of the chamfer in the connector ferrule 
provided with a chamfer at the opening edge portion 
5 forming a part of a guide hole. In this figure, the 

surface roughness Ra of the chamfer is plotted against 
the abscissa, and the occurrence ratio of loss 
increment of no less than 0.3 dB is plotted against the 
^ ordinate. Fig. 12 clearly shows that the occurrence 

O 10 ratio of loss increment of no less than 0.3 dB is zero 

S3 when the surface roughness Ra of the chamfer is no more 

^ than 2 fxm. 

m 

y Experimental data presented in Fig 11 and Fig. 12 

p show that when the chamfer 13 is provided at the 

m 

15 opening edge forming a part of guide hole 11 of 

W 

p connector ferrules 3A and 3B, it is preferred than the 

ry 

connector ferrules 3A and 3b be formed so that the 
surface roughness Ra of chamfer 13 be no more than 2 |xm. 
In the optical connectors lA and IB thus 

20 constructed, a curved portion 14, that has been rounded, 

is provided at the tip of guide pin 12 fixed in ferrule 
3B (see Fig. 6 and Fig. 7) . If the diameter of guide 
pin 12 is assumed to be about 0.7 mm, then it is 
preferred that the length D from the base 14a of curved 

25 portion 14 to the tip 12a of guide pin 12 be no less 

than 0.1 mm and no more than half of the diameter of 
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guide pin 12, that is, no more than 0.35 inm, so that 
the curved portion 14 itself reaches the tip and forms 
a semispherical portion. If the curved portion 14 is 
thus formed at the tip of guide pin 12, when the guide 
pin 12 fixed in the connector ferrule 3B is inserted 
into the guide hole 11 of connector ferrule 3A, the 
amount of abrasion powder formed because of contact 
between the guide pin 12 and chamfer 13 is further 
decreased. Therefore, a more stable optical connection 
characteristic can be obtained. 

Furthermore, the present invention is not limited 
to the above-described preferred embodiment. For 
example, the optical connectors of the above-described 
embodiment were MPO connectors, but the present 
invention is not limited thereto and can be also 
applied to MT connectors and the like. 

Moreover, in the above-described embodiment, 
coupling of the optical connector provided with guide 
pins and the optical connector with no guide pins was 
considered. The present invention is, however, not 
limited to such a configuration and is also applicable 
to a connection in which two optical connectors with no 
guide pins are coupled by using two guide pins. In 
such a case, as shown in Fig. 13, the guide pins 15 are 
preferably provided on both ends thereof with curved 
portions 16 rounded similarly to the above-described 
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guide pin 12. 

Furthermore, in the above-described embodiment, 
silica was used as a filler added to the resin for 
molding the connector ferrules 3A and 3B. However, the 
present invention is not limited to silica as a filler, 
and similar fillers of various types can be used. 



22 



